Cyclodextrins: Efficient biocompatible solubilizing excipients for bromhexine liquid and semi-solid drug delivery systems.
Bromhexine hydrochloride (bromhexine) is a mucolytic agent with very low aqueous solubility. However, with addition of cyclodextrins (CD) to the formulation, this disadvantage may be limited and therapeutic doses of bromhexine in solution can be achieved. The interaction of bromhexine with α-, β-, γ- and sulfobutylether (SBE)-β-CD, respectively, was elucidated by means of phase solubility diagrams and calorimetric analysis. The complexes were further characterized by size, and the effect of the CD concentrations used was evaluated in a viability assay. From phase solubility diagrams with α-, β-, γ- and SBE-β-CD and bromhexine, it was determined that the solubility of bromhexine significantly increased with addition of CDs, showing an A(L) type solubility curve for bromhexine/α- and β-CD, and an A(N) type for bromhexine/γ- and SBE-β-CD. The highest soluble concentrations of bromhexine were achieved with α- and SBE-β-CD, i.e. when using a 100mM α- or SBE-β-CD solution, 4 and 5.5 times more bromhexine was solubilized, respectively, compared to pure aqueous solubilization of bromhexine. The apparent association constants determined from the phase solubility studies showed very low values of 34, 17, 8 and 156 M(-1) for bromhexine/α-, β-, γ- and SBE-β-CD, respectively, as compared to the association constants determined by ITC which exhibited values of 89, 307 and 1680 M(-1) for bromhexine/α-, β- and SBE-β-CD, respectively. The formation of aggregates aided solubilization of bromhexine in the phase solubility studies explaining the difference in the association constants between the two methods. Due to very low signal to noise ratio, no information was extracted for bromhexine/γ-CD solutions from the ITC measurements. The effect on cellular viability of the CDs ranked β->α->SBE-β->γ-CD. In conclusion, the results altogether demonstrated that SBE-β-CD is the most suitable CD for future drug delivery systems from the aspect of high amounts of solubilized bromhexine and high safety of the SBE-β-CD.